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PLASMID AND PHAGE CLONES OF HUMAN 
T-CELL LYMPHOTROPIC VIRUS TYPE III 



Molecular clones of HTLV-III/LAV are disclosed 
Clones AHXB-2, A HXB-3, P HXB-2D, and pHXB-3D Incorporate 
the full length integrated proviral nucleotide sequences of 
HTLV-III/LAV. The first two are inserted intoA phage,- the 
Utter two contain the viral sequences in a plasmid vector 
and are eytopathic for T-cell cultures and Infectious in 
vi tro . — 

10 Furthermore, the plasmid clones pHXB-2D and 

PHXB-3D may be used to generate a virus of a single geno- 
type, therefore permitting the use of the plasmid clone to 
test the efficacy of new acquired ininune deficiency syn- 
drome (AIDS) drugs or vaccines. 
15 Background 

Acquired imnune deficiency syndrome (AIDS) is an 
epidemic immunosuppressive disease characteristically asso- 
ciated with a depletion of T-4 (helper) lymphocytes. A 
group of retroviruses, designated as human T-cell lympho- 
20 tropic virus Type III (HTLV-III), lymphadenopathy- 
associated virus (LAV), and AIDS-related virus (ARV), are 
variants of the same virus implicated in the pathogenesis 
of AIDS. 

The molecular clones of the present invention 
contain integrated proviral DNA of HTLV-III. In the life 
cycle of a retrovirus., the single-stranded RNA genome must 
be copied by reverse transcriptase into an unintegrated 
linear DMA form prior to its integration into the host 
cell's chromosomal DNA. The linear unintegrated DNA duplex 
contains a copy of the viral genome in a nonpermuted order 
and can generally be detected only as a short-lived repli- 
cation intermediate in the cytoplasm of infected cells 
shortly after viral infection. During Integration, recom- 
bination of viral genetic elements with cellular genetic 
35 elements occurs; i.e., the cell is transformed and the 
viral genetic information is reproduced with the cells. 

The unintegrated linear DNA form of H9/HTLV-III 
noted above has been cloned. These phase clones, desig- 
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natedABH-10, A BH-8 , and A BH-5, are described in Wong- 
Staai, et al., U.S. Patent Application Serial No. 643,306, 
filed August 22, 1984. The clones of integrated proviral' 
DNA and unintegrated linear DNA are similar to each other 

5 but are distinguishable by differences in several cleavage 
sites. Abh-10, ABH-8, and \ BH-5 are incomplete viral 
clones that lack a short Sst I-Sst I segment of 
approximately 190 base pairs in the 5' LTR-leader sequence 
region. These sequences contribute to the ability to 

1 ° produce a pure virus population. Furthermore, the phage 
clones of the present invention, A HXB-2 and AHXB-3, when 
inserted into a plasmid vector, are infectious hi vitro , 
express viral antigen, produce mature virus particles, and 
exhibit marked cytopathic effects in vitro . 

5 Analysis of the HTLV-III proviral clones of the 

present invention shows that the viral genome is approxi- 
mately 10 Kb in length and possesses non-coding elements, 
LTR elements, at each end. Comparison of these full-length 
proviral clones of HTLV-III with clones of linear uninte- 

0 grated viral DNA derived from the same HTLV-I II-inf ected H9 
cells (clonesA BH-10.A BH-8, andA BH-5) indicates that they 
are similar, but not identical, in restriction patern. 
Description of the Figures 

Figure 1 shows restriction endonuclease maps of 

\ four closely related clones of HTLV-III. A HXB-2 and AHXB-3 
represent full-length integrated proviral forms of HTLV-III 
obtained from the A phase library of H9/HTLV-III DNA 
(Example 1). These clones contain the complete provirus 
(thin lines) including two LTR regions plus flanking 
cellular sequences (heavy lines). The LTR regions are 
known to contain the three restriction enzymes sites Bgl 
II > Sst I, and Hind III as shown, but their overall lengths 
are estimated. Clones ABH-10 and A BH-5 /A BH-8 were derived 
from the linear unintegrated replicative intermediate form 
of HTLV-III in acutely infected H9 cells and have been 
reported in Hahn, et al., Nature , Vol. 312, pp. 166-169 
(1984). Their restriction maps are shown here for 
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comparison with AHXB-2 and AHXB-3 and with Southern blots 
of genomic DNA from other HTLV-III containing cells. It 
should be noted that ABH-5/ABH-8 consists of two separately 
cloned Sst I fragments (XBH-5 and ABH-8) which together 
5 constitute one HTLV-III genomic equivalent but which are 
not necessarily derived from the same viral molecule. 
Also, because ABH-10 and ABH-5 were cloned with the re- 
striction enzyme Sst I, they lack 5' LTR sequences as 
shown. Other differences in the restriction maps between 
10 these HTLV-III clones are Indicated by bold letters and 
asterisks, with ABH-10 being used as a reference. 

Figure 2 shows the construction of a plasmid 
containing HTLV-III. A 12.7-kb Xbal fragment derived from 
AHXB-2, a molecular clone containing about 10 kb of HTLV- 
15 HI proviral sequences, was inserted into the Xbal site in 
the polylinker of plasmid pSP62 to produce the plasmid 
clone pHXB-2D. This plasmid construct was then transfected 
into DH-1 bacteria and used in protoplast fusion experi- 
ments. The thin horizontal line represents HTLV-III and 
20 the solid boxes represent flanking cellular sequences. 
Statement of Deposit 

Molecular clones AHXB-2, AHXB-3, pHXB-2D and 
pHXB-3 have been deposited in the American Type Culture 
Collection (ATOC, 12301 Parkiawn Drive, Rockville, 
25 Maryland, 20852-1776 USA) under ATOC Nos. 40231, 40232, 
67082 and 67081, respectively on May 2, 1986. 
Specific Disclosure 

The present invention may be represented in 
general terms by the following flow diagram: 
30 Proviral HTLV-III DNA sequences 

/ AHXB-2 Phage clone 

| pHXB-2D Plasmid clone 

VH9/Clone Inmortal ized cell 

producing HXB-2 virus 

3 5 Sequences of human T-cell lymphotropic virus type 

III (HTLV-III) were first detected in DNA of infected H9 

cells (H9/HTLV-III) by Southern blot analysis with the use 
32 

of a P-labeied complementary DNA (cDNA) probe prepared 
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from HTLV-III virions. There was no evidence of such 
sequences in uninfected H9 cell,. Preliminary analyses of 
Southern digests of H9/HTLV-III DNA revealed that the virus 
was present in this cell line both as unlntegrated DMA and 
as proviral DMA integrated into the cellular genome at 
multiple different sites. Since the HTLV-III provlrus was 
found to lack Xba I restriction sites, a g ,„omIc library 
was constructed by using Xba I-digested H9/HTLV-III DMA 
(cellular DNA) , and this was screened with an HTLV-III cDNA 
probe to obtain molecular clones of full-length integrated 
provirus with flanking cellular sequences. Fourteen such 
clones were obtained from an enriched library of 10 6 recom- 
binant phage, and two of these were plaque-purified and 
characterized. Of these, phage clones AHXB-2 andAHXB-3, 
1 5 which contain full-length Integrated provirus (about 10 
kllobases) with cellular flanking sequences (12.7 kllobases 
total length), were inserted into the Xba I site in the 
polyl inker of plasmid pSP62 in order to produce plasmid 
clone pHXB-2D and pHXB-3D, respectively. This plasmid 
construct was then transfected into DH-1 bacteria for use 
in protoplast fusion experiments. 

In the preferred protoplast fusion protocol, 
single colonies of bacteria bearing the plasmid are grown 
in L-broth containing ampicillin to a density of 2-4 x 10 8 
25 ml" 1 and chloramphenicol is added to a final concentration 
of 250 ug per ml of broth for plasmid amplification. After 
incubation at 37'C for 2 h, gentamycin is added to 10 ug 



20 



■•• 1 and the cultures are re-incubated for 14-18 h to allow 
plasmid amplification. The bacteria are collected and 
30 resuspended in 2.5 ml of HEPES-buffered saline (HBS) p h 
8.0, containing 20% sucrose. This suspension is placed on 
ice and at 5-min intervals, 0.8 ml of lysozyme solution (10 
ml* 1 in 0.25 M Tris-HCl, pH 7.0), 1.0 ml of 0.25 M EDTA 
PH 8.0, and 1.0 ml of HBS are added sequentially. The 
suspension is incubated at 37°C for 10-30 min until 90% of 
the bacteria has formed protoplasts, then held on ice and 
slowly diluted to 50 ml with RPMI-1640 medium. For each 
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r.et - • Ci ° neS ° f the Present Irtvention be 

fected ,„to a suitable cell line and the cells or antigen 
30 produced f rom those cells may be used as an Imogen for 
te production of antibodies which specifically bind to 
AIDS v.rus by bonding said clone to conventional Oo- 
genic carrier material. The intnunogen thus prepared is 
injected into a host using an adjuvant such as complete or 
35 incomplete Preund's adjuvant. The resulting anti-serum 
obta.ned, from the blood or spleen of the host) will con- 
tain antibodies which specifically bind to AIDS virus 
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Conventional Immunogenic carrier material is 
defined to include proteins and polypeptides. Suitable 
conventional proteins include but are not limited to human 
or bovine ganma globulin, or human, bovine, or rabbit serum 
5 albumin. 
Test Kits 

Clone pHXB-2D or pHXB-3D may be transfected into 
an inmortal izing cell line such as H9, and the cells, anti- 
gens, or proteins produced from those cells may be incor- 

10 porated as an antigen in test kits for the diagnosis of 
AIDS in human blood. Such a kit and diagnosis procedure 
include contacting clone pHXB-2D or pHXB-3D (bound to a 
solid support) with a test sample of human blood. Any 
antibodies present in the sample will bind to said clone. 

15 After removing the test sample and washing the solid 
support (to remove unbound anti-body), the presence of 
human antibodies to AIDS virus may be detected by probing 
the solid support with a reagent capable of selectively 
detecting AIDS virus antibodies. 

20 Inmortal ized cell lines containing pHXB-2D (or 

pHXB-3D) or segments obtained from the clone may be used in 
an enzyme linked irrmunosor ben t assay (ELISA). A diagnostic 
test kit for the detection of AIDS-specif ic antibodies 
comprises a compar tmented enclosure containing a plurality 

25 of wells or plates (employing a sorbent or porous surface) 
which are coated prior to use with antigen or protein 
derived from cells transfected with the plasmid clone or 
DMA sequences obtained from the plasmid clone. The clone 
bound to the porous surface is then incubated with a test 

30 sample of human blood. After removal of the sample, known 
methods of conducting an ELISA assay are employed: coating 
the wells with normal goat serum and peroxidase- labeled 
goat anti-human immunoglobulin and a color change indicator 
(such as orthophenylene diamine and hydrogen peroxide in a 

35 phosphate citrate buffer). 

Other forms of a test kit may also be con- 
structed. For example, competition radioinmunoassay or Dot 



, »«.t l M l.d. . cap., „„„,„, „„,.,„„ wiu .„»«f . 84 

..rb... or porou , Jurtace , , UCJ as t „„_,. - ; ' 

3 human inmunoglobul in. 

Clone pHXB-20 (or pHXB-3D) may be Incorporated in 
an J vit^ test kit ,„ tu , ^ J « 

vaccines potentially effective against AIDS. This test k 
contains a source of virus (pHXB-2D or H9/pHXB-2D) , cord 

lood cells, and polybrene. Cord blood cells are exposed 

o v arious concentratlons of the dfu ^ 

c is are pelleted, and then exposed to pHXB- 2D or 

The cells are then suspend ed in J sh ^ 
m* lm and cultured for several days. One of several L ns 
of detecUng .nfectivity or cytopathic effect is then used 
to determine the capacity of the test drug against AIDS. 

As has been mentioned above, the virus that 
causes AIDS exists in many forms - ffTLV-Ili, LAV, and ARC 
to name a few. It has been shown that the restriction 

within each stram, vary slightly but are essentially the 
*™ virus. It is not intended that the scope of this 
Invention be limited by these slight differencps. 

Accordingly, wherever the term HTLV-III or Human T-CeU 

to include all for** of the virus that causes AIDS. 
Example 1 

A X phage library was constructed according to 
standard methods (Maniatis, et al., Molecular cinnm, - A 
30 ^te^ual 1982), using the cTo^Tg vector ^ ^ d 
Xba I digested H9/HTLV-III DNA which had been enriched by 
sucrose gradient centrifugation for 10- to 1 5 -kb fragments 
Phage P i aqu (10 6 } wre 3^ ^ cDna * 

35 obt a ? h ^ V ' IXI Viri ° nS "* 14 -re 
35 obtained. Two of these were plaque purified and their 

restriction maps determined, as shown in Figure 1 
( A HXB-2 and XHXB-3) A 
Example 2 

_ To determine whether the HTLV-III genome contains 
sequences homologous to normal human DNA, the viral insert 
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of A HXB-2 (5.5 kb and 3.5 kb Sat I -Sat I fragments) was 
isolated, nick translated, and used to probe HTLV-III- 
infeeted and uninfected cellular DNA. Under standard 
conditions of hybridisation [washing conditional 1 x 8SC 

5 (standard saline citrate), 65 # C; annealing temperature 
(T m ), -27*C], this probe hybridised to DNA from H9/HTLV-III 
cells as well as other HTLV-II I-lnfected cells, but not to 
DNA from uninfected H9 cells, uninfected HT cells (the 
parent cell line from which H9 is cloned), or normal human 

10 tissues. This finding is in agreement with the results of 
other experiments in which the unintegrated (replicatlve 
intermediate) form of HTLV-II I was used as probe and 
demonstrates that HTLV-III, like HTLV-I and HTLV-II, is an 
exogenous retrovirus lacking nucleic acid sequences derived 

15 from human DNA. 
Example 3 

Kinetics of cell growth and reverse transcriptase 
activity in cord blood mononuclear cell cultures following 
protoplast fusion. Mononuclear cells were prepared from 

20 cord blood samples using Ficoll Triosil and cultured for 5 
days in media containing PHA. These cells were then fused 
with bacterial protoplasts carrying the plasmid pHXB-2D, 
pSV2neo or pCH-lgpt and maintained in culture at a density 
of 5 x 10 s cells ml' 1 by addition of RPMI-1640 medium 

25 containing 20% fetal calf serum, 10% T-cell growth factor 
( inter-leukin-2) and antibiotics. Three parallel fusions 
using cells from different individuals were established for 
each plasmid. Spent medium removed from two cultures at 5, 
11, 14 and 18 days after fusion was concentrated 10-fold' 

30 and assayed for the presence of reverse transcriptase using 
standard techniques. The activity detected in each of the 
culture supernatants is expressed as the amount of 

H- labeled deoxyr ibonucleoside monophosphate ( H-dTMP) 
incorporated (in pmol per 0.3-ml sample) using dT ls # (rA) n 
35 as the template primer. 

The growth of all cultures was comparable for the 
first 14 days after protoplast fusion. By day 18, however, 
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the number of viable cells In cultures transfected with 
pHXB-20 had fallen dramatically, there was a 10-fold and a 
l0 °- f * id "tuition' between days 18 and 11 and 18 and 82, 
respectively: Cultures transfected with either pSVSneo or 

5 PCH-lgpf showed Wiy a 4-5-fold reduction over the same 
tine P«io<»^ "Wjen' superntUnt from the cultures was 
assayed for the presence of reverse transcriptase; activity 
was detected exclusively in cultures transfected with 
pHXB-20. These data suggest that replicating virus was 

10 present In cultures 11-18 days after fusion with pHXB-2D 
protoplasts. 
Example 4 

Expression of the HTLV-III gag-related proteins 
pl5 and p24 by transfected cells was demonstrated using 

15 specific monoclonal antibodies: maximum expression was 
observed 18 days after transaction, when 4-11% and 5-9% of 
cells were reactive with antibody to pis and p24, 
respectively. Virus particles were detected by electron 
microscopy in all cultures 14-18 days after transfection 

20 with PHXB-2D. The particles contained condensed, truncated 
cores, which are characteristic of HTLV-III particles. 
Example S 

In time-course experiments, ENA isolated from a 
single culture 6, 11, 14, 18 and 31 days after transfection 

25 with pHXB-2D, was digested with BamHI and analyzed for 
HTLV-III sequences. Six days after transfection, an 8.6-kb 
UNA fragment was detected as a faint band; 18 days after 
transfection it was possible to detect a 1.5-kb DNA 
fragment in addition to the 8.6-kb fragment. The total 

30 amount of unintegrated virus in the cultures appeared to 
increase, as suggested by the Increase in intensity of 
these bands with time; this Is evidence that cells 
originally transfected with pHXB-2D are able to produce 
fully infectious virus which Is then transmitted within the 
35 culture. 

-No HTLV-III sequences were detected 31 days after 
transfection; at this point the culture may have contained 
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I. A bloloffl««lly «o«p«t«Bt r«eoablaant oloao 
•f HTLV-III ooata t a I ag I a tagra tod aoaaa T-oo 1 1 lympho tropic 
tlrat typa III provlral DMA aaquaaooi tad bolag lafootlout 
la vitro aad oytopathlo for T-e«ll oultaros. 

I. A awlooalar oloao of buma fVojijll 
Ivaatotroplo vlraa typo III charactoriaod 
toy aoaprlalag a paaga oloao, 
ooatalalaf a lt.T kllobaso Xba I fragawat. laid fragment 
ooaprlalag a II kllobaao full loagtb letofratod pro»lru« 
aad S.f kllobaao eollolar flaaklag toqaoooot. 

}. A awlooalar oloao of human T-o«U 
lyjapaotroplo vlraa typo III. charactoriaed by oonprUtag 
a oloao ooatalalag latogratod hiaaaa T-ooll lynphotroplo 
vlraa typo III provlral DMA saqoaaaoa, aald oloao 
otproaalag viral aatlgoa aad prodaolag matura "vlraa 
partloloa* 
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U. A molecular clone substantially characterised by 
the following restriction endonuclease map: 
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5. A molecular clone of human T-cell lymphotroplc 
virus type III comprising the molecular clone 
designated AHXB-2. 

5 6. A process for the production of a molecular 

clone of a virus wherein a genomic library is 
constructed using cellular ONA and where the clone is 
separated from the library using a viral cDNA probe, 
characterised by producing a molecular clone of human 

10 T-cell lymphotroplc virus type III, said clone 

containing full length integrated provirus nucleotide 
sequences • 

7. A process as claimed in claim 5 characterised by 
15 constructing a phage library using a suitable cloning 

vector and endonuclease digested human T-cell 
lymphotroplc virus type III, enriching said library 
for 10-15 kilobase DNA fragments by sucrose gradient 
centrif ugatlon, and screening said library using a 
20 cDNA probe prepared from doubly banded human T-cell 

lymphotroplc virus type III virions, and obtaining a 
phage clone containing full-length integrated proviral 
nucleotide sequences of human T-cell lymphotroplc 
virus type III. 

25 

8. The . process of claim 6 or 7, further 
characterised in that the provial sequences are the 
XBa I fragment of human T-cell lymphotroplc virus type 
III. 
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9. A test plate or sheet for use In an 
inmunoassay, characterized tn that It includes thereon 
antigen or protein derived from cells transfected with 

30 human T-cell lymphotropic virus type III molecular clone 
pHXB-2D. 

10. A test kit for use in the diagnosis of 
acquired inroune deficiency syndrome, characterized in that 
it comprises a sorbent or porous surface including thereon 

35 antigen or protein derived from cells transfected with 
human T-cell lymphotropic virus type III molecular clone 

pHXB-2D. 

11. A process for the production of antibodies 

which specifically bind to a human retrovirus which causes 
acquired innwne deficiency syndrome, characterized in that 
it comprises bonding molecular clone pHXB-2D or H9/pHXB-2D 

5 to an inraunogenic carrier to form an irnnunogen, injecting 
said irnnunogen into a suitable host, and obtaining 
antibodies from the blood or spleen of said host, said 
antibodies specifically binding to the virus which causes 
acquired immune deficiency syndrome. 

10 12. A test kit used for the diagnosis of 

acquired tannine deficiency syndrome wherein an antigen is 
bound to a sorbent or porous substrate, characterized in 
that said antigen contains part or all of the DNA sequence 
of clone pHXB-20. 

15 13. a test kit characterized in that it is 

useful for analyzing the capacity of a drug or vaccine 
against acquired inimine deficiency syndrome and comprises 
cord blood cells, a source of pHXB-2D, culture medium, and 
polybrene. 
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14. Molecular 
characterised 
endonuclease nap. 



clone 




substantially 
restriction 



the 



f ollowing 
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15. A molecular clone characterised by comprising 
any one of AHBX-2, AHBX-3, PHXB-2D and pHXB-30 as 
deposited in the ATCC under Nos* 40231. 40232 67082 
and 67061. 
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